Triggering collapse of the presolar dense cloud core and injecting short-lived radioisotopes with a shock wave. II. Varied shock wave and cloud core parameters Alan P. Boss 1 and Sandra A. Keiser 1 1 DTM, Carnegie Institution, 5241 Broad Branch Road, NW, Washington, DC 20015-1305, USA A variety of stellar sources have been proposed for the origin of the short-lived radioisotopes that existed at the time of the formation of the earliest Solar System solids, including Type II supernovae, AGB and super-AGB stars, and Wolf-Rayet star winds. Our previous adaptive mesh hydrodynamics models with the flash2.5 code have shown which combinations of shock wave parameters are able to simultaneously trigger the gravitational collapse of a target dense cloud core and inject significant amounts of shock wave gas and dust, showing that thin supernova shocks may be uniquely suited for the task. However, recent meteoritical studies have weakened the case for a direct supernova injection to the presolar cloud, motivating us to re-examine a wider range of shock wave and cloud core parameters, including rotation, in order to better estimate the injection efficiencies for a variety of stellar sources. We find that supernova shocks remain as the most promising stellar source, though planetary nebulae resulting from AGB star evolution cannot be conclusively ruled out. Wolf-Rayet star winds, however, are likely to lead to cloud core shredding, rather than to collapse. Injection efficiencies can be increased when the cloud is rotating about an axis aligned with the direction of the shock wave, by as much as a factor of ∼ 10. The amount of gas and dust accreted from the post-shock wind can exceed that injected from the shock wave, with implications for the isotopic abundances expected for a supernova source. Globular clusters display significant variations in their light-element content, pointing to the existence of a second stellar generation formed from the ejecta of an earlier generation. The nature of these internal polluters is still a matter of debate: the two most popular scenarios indicate intermediate-mass AGB stars and fast rotating massive stars. Abundances determination for some key elements can help distinguish between these competitor candidates. We present in this paper Y abundances for a sample of 103 red giant branch stars in NGC 6121. Within measurement errors, we find that the [Y/Fe] is constant in this cluster contrary to a recent suggestion. For a subsample of six stars we also find [Rb/Fe] to be constant, consistent with previous studies showing no variation in other s-process elements. We also present a new set of stellar yields for intermediate-mass AGB stellar models of 5 and 6 M ⊙ , including heavy element s-process abundances. The uncertainties on the mass-loss rate, the mixing-length parameter, and the nuclear reaction rates have a major impact on the stellar abundances. Within the IM-AGB pollution scenario, the constant abundance of heavy elements inside the cluster requires a marginal s-process efficiency in IM-AGB stars. Such a constrain could still be satisfied by the present models assuming a stronger mass-loss rate. The uncertainties mentioned above are limiting the predictive power of intermediate-mass AGB models. For these reasons, at the moment we are not able to clearly rule out their role as main polluters of the second population stars in globular clusters. We extend our work on the effects of the uncertainties on the main input physics for the evolution of low-mass stars. We analyse the dependence of the cumulative physical uncertainty affecting stellar tracks on the chemical composition. We calculated more than 6000 stellar tracks and isochrones, with metallicity ranging from Z = 0.0001 to 0.02, by changing the following physical inputs within their current range of uncertainty: 1 H(p,ν e + ) 2 H, 14 N(p,γ) 15 O and triple-α reaction rates, radiative and conductive opacities, neutrino energy losses, and microscopic diffusion velocities. The analysis was performed using a latin hypercube sampling design. We examine in a statistical way the dependence on the variation of the physical inputs of the turn-off (TO) luminosity, the central hydrogen exhaustion time (t H ), the luminosity and the helium core mass at the red-giant branch (RGB) tip, and the zero age horizontal branch (ZAHB) luminosity in the RR Lyrae region. For the stellar tracks, an increase from Z = 0.0001 to Z = 0.02 produces a cumulative physical uncertainty in TO luminosity from 0.028 dex to 0.017 dex, while the global uncertainty on t H increases from 0.42 Gyr to 1.08 Gyr. For the RGB tip, the cumulative uncertainty on the luminosity is almost constant at 0.03 dex, whereas the one the helium core mass decreases from 0.0055 M ⊙ to 0.0035 M ⊙ . The dependence of the ZAHB luminosity error is not monotonic with Z, and it varies from a minimum of 0.036 dex at Z = 0.0005 to a maximum of 0.047 dex at Z = 0.0001. Regarding stellar isochrones of 12 Gyr, the cumulative physical uncertainty on the predicted TO luminosity and mass increases respectively from 0.012 dex to 0.014 dex and from 0.0136 M ⊙ to 0.0186 M ⊙ . Consequently, for ages typical of galactic globular clusters, the uncertainty on the age inferred from the TO luminosity increases from 325 Myr to 415 Myr.
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Cumulative physical uncertainty in modern stellar models I. The case of low-mass stars Using our updated stellar evolutionary code, we quantitatively evaluate the effects of the uncertainties in the main physical inputs on the evolutionary characteristics of low mass stars from the main sequence to the zero age horizontal branch (ZAHB). We calculated more than 3000 stellar tracks and isochrones, with updated solar mixture, by changing the following physical inputs within their current range of uncertainty: 1 H(p,ν e + ) 2 H, 14 N(p,γ) 15 O, and triple-α reaction rates, radiative and conductive opacities, neutrino energy losses, and microscopic diffusion velocities. We performed a systematic variation on a fixed grid, in a way to obtain a full crossing of the perturbed input values. The effect of the variations of the chosen physical inputs on relevant stellar evolutionary features, such as the turn-off luminosity, the central hydrogen exhaustion time, the red-giant branch (RGB) tip luminosity, the helium core mass, and the ZAHB luminosity in the RR Lyrae region are statistically analyzed. For a 0.9 M ⊙ model, the cumulative uncertainty on the turn-off, the RGB tip, and the ZAHB luminosities accounts for ±0.02 dex, ±0.03 dex, and ±0.045 dex respectively, while the central hydrogen exhaustion time varies of about ±0.7 Gyr. The most relevant effect is due to the radiative opacities uncertainty; for the later evolutionary stages the second most important effect is due to the triple-α reaction rate uncertainty. For an isochrone of 12 Gyr, we find that the isochrone turn-off log luminosity varies of ±0.013 dex, the mass at the isochrone turn-off varies of ±0.015 M ⊙ , and the difference between ZAHB and turn-off log-luminosity varies of ±0.05 dex. The effect of the physical uncertainty affecting the age inferred from turn-off luminosity and from the vertical method are of ±0.375 Gyr and ±1.25 Gyr respectively.
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Mapping the central region of the PPN CRL 618 at sub-arcsecond resolution at 350 GHz CRL 618 is a well-studied pre-planetary nebula. We have mapped its central region in continuum and molecular lines with the SubMillimeter Array at 350 GHz at ∼ 0. ′′ 3 to 0. ′′ 5 resolutions. Two components are seen in 350 GHz continuum: (1) a compact emission at the center tracing the dense inner part of the H ii region previously detected in 23 GHz continuum and it may trace a fast ionized wind at the base, and (2) an extended thermal dust emission surrounding the H ii region, tracing the dense core previously detected in HC 3 N at the center of the circumstellar envelope. The dense core is dusty and may contain mm-sized dust grains. It may have a density enhancement in the equatorial plane. It is also detected in carbon chain molecules HC 3 N and HCN, and their isotopologues, with higher excitation lines tracing closer to the central star. It is also detected in C 2 H 3 CN toward the innermost part. Most of the emission detected here arises within ∼ 630 au (∼ 0. ′′ 7) from the central star. A simple radiative transfer model is used to derive the kinematics, physical conditions, and the chemical abundances in the dense core. The dense core is expanding and accelerating, with the velocity increasing roughly linearly from ∼ 3 km s −1 in the innermost part to ∼ 16 km s −1 at 630 au. The mass-loss rate in the dense core is extremely high with a value of ∼ 1.15 × 10 −3 M ⊙ yr −1 .
The dense core has a mass of ∼ 0.47 M ⊙ and a dynamical age of ∼ 400 yr. It could result from a recent enhanced heavy mass-loss episode that ends the AGB phase. The isotopic ratios of 12 C/ 13 C and 14 N/ 15 N are 9 ± 4 and 150 ± 50, respectively, both lower than the solar values.
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Two barium stars in the Galactic Bulge Barium stars conserve important information on the s-process and the third dredge-up in intermediate mass stars. Their discovery in various environments is therefore of great help to test nucleosynthesis and mixing models. Our aim is to analyse two stars with a very strong barium line detected in a large survey of red giants in the Galactic Bulge. Abundance analysis was done comparing synthetic model spectra based on the comarcs code with our medium resolution spectra. Abundances of Ba, La, Y, and Fe were determined. Beside the two main targets, the analysis was also applied to two comparison stars. We confirm that both stars are barium stars. They are the first ones of this kind identified in the Galactic Bulge. Their barium excesses are among the largest values found up to now. The elemental abundances are compared with current nucleosynthesis and mixing models. Furthermore, we estimate a frequency of barium stars in the Galactic Bulge of about 1%, which is identical to the value for Disc stars. Clustering of the abundant SiO molecules has been discussed as a possible mechanism of seed particle formation for silicate dust in stellar outflows with an oxygen rich element mixture. Previous results indicated that condensation temperatures based on this mechanism are significant lower than what is really observed. This negative result strongly rests on experimental data on vapour pressure of SiO. New determinations show the older data to be seriously in error. Here we aim to check with improved data the possibility that SiO nucleation triggers the cosmic silicate dust formation. First we present results of our measurements of vapour pressure of solid SiO. Second, we use the improved vapour pressure data to re-calibrate existing experimental data on SiO nucleation from the literature. Third, we use the re-calibrated data on SiO nucleation in a simple model for dust-driven winds to determine the condensation temperature of silicate in stellar outflows from AGB stars. We show that onset of nucleation under circumstellar conditions commences at higher temperature than was previously found. Calculated condensation temperatures are still by about 100 K lower than observed ones, but this may be due to the greenhouse effect of silicate dust temperatures.
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The assumption that the onset of silicate dust formation in late-type M stars is triggered by cluster formation of SiO is compatible with dust condensation temperatures derived from IR observations. AGB stars lose a large percentage of their mass in a dust-driven wind. This creates a circumstellar envelope, which can be studied through thermal dust emission and molecular emission lines. In the case of high mass-loss rates, this study is complicated by the high optical depths and the intricate coupling between gas and dust radiative transfer characteristics. An important aspect of the physics of gas-dust interactions is the strong influence of dust on the excitation of several molecules, including water. The dust and gas content of the envelope surrounding the high mass-loss rate OH/IR star OH 127.8+0.0, as traced by Herschel observations, is studied, with a focus on the water content and the dust-to-gas ratio. We report detecting a large number of water vapor emission lines up to J = 9 in the Herschel data, for which we present the measured line strengths. The treatments of both gas and dust species are combined using two numerical radiative transfer codes. The method is illustrated for both low and high mass-loss-rate sources. Specifically, we discuss different ways of assessing the dust-to-gas ratio: 1) from the dust thermal emission spectrum and the CO molecular gas line strengths, 2) from the momentum transfer from dust to gas and the measured gas terminal velocity, and 3) from the determination of the required amount of dust to reproduce water lines for a given water vapor abundance. These three diagnostics probe different zones of the outflow, for the first time allowing an investigation of a possible radial dependence of the dust-to-gas ratio. We modeled the infrared continuum and the CO and water emission lines in OH 127.8+0.0 simultaneously. We find a dust-mass-loss rate of (0.5 ± 0.1) × 10 −6 M ⊙ yr −1 and a water ice fraction of 16% ±2% with a crystalline-to-amorphous ratio of 0.8 ± 0.2. The gas temperature structure is modeled with a power law, leading to a constant gas-mass-loss rate between 2 × 10 −5 M ⊙ yr −1 , and 1 × 10 −4 M ⊙ yr −1 , depending on the temperature profile. In addition, a change in mass-loss rate is needed to explain the J = 1-0 and J = 2-1 CO lines formed in the outer wind, where the older mass-loss rate is estimated to be 1 × 10 −7 M ⊙ yr −1 . The dust-to-gas ratio found with method 1) is 0.01, accurate to within a factor of three; method 2) yields a lower limit of 0.0005; and method 3) results in an upper limit of 0.005. The water ice fraction leads to a minimum required water vapor abundance with respect to H 2 of (1.7 ± 0.2) × 10 −4 . Finally, we report detecting 1612 MHz OH maser pumping channels in the far-infrared at 79.1, 98.7, and 162.9 µm. Abundance predictions for a stellar atmosphere in local thermodynamic equilibrium yield a twice higher water vapor abundance (∼ 3 × 10 −4 ), suggesting a 50% freeze-out. This is considerably higher than current freeze-out predictions.
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Regarding the dust-to-gas ratio, methods 2) and 3) probe a deeper part of the envelope, while method 1) is sensitive to the outermost regions. The latter diagnostic yields a significantly higher dust-to-gas ratio than do the two other probes. We offer several potential explanations for this behavior: a clumpy outflow, a variable mass loss, or a continued dust growth. There is considerable scope to uncover several more symbiotic stars towards the Bulge, many of which are currently misclassified as PNe, provided that deep spectroscopy is combined with optical and near-infrared lightcurves. We present the colibri code for computing the evolution of stars along the TP-AGB phase. Compared to purely synthetic TP-AGB codes, colibri relaxes a significant part of their analytic formalism in favour of a detailed physics applied to a complete envelope model, in which the stellar structure equations are integrated from the atmosphere down to the bottom of the hydrogen-burning shell. This allows to predict self-consistently: (i) the effective temperature, and more generally the convective envelope and atmosphere structures, correctly coupled to the changes in the surface chemical abundances and gas opacities; (ii) sphericity effects in the atmospheres; (iii) the core mass-luminosity relation and its break-down due to hot bottom burning (HBB) in the most massive AGB stars, (iv) the HBB nucleosynthesis via the solution of a complete nuclear network, (pp chains, and the CNO, NeNa, MgAl cycles), including also the production of 7 Li via the Cameron-Fowler beryllium transport mechanism; (v) the chemical composition of the pulse-driven convective zone; (vi) the onset and quenching of the third dredge-up, with a suitable temperature criterion. At the same time colibri pioneers new techniques in the treatment of the physics of stellar interiors. It is the first evolutionary code ever to use accurate on-the-fly computation of the equation of state for roughly 800 atoms, ions, molecules, and of the Rosseland mean opacities throughout the deep envelope. Another distinguishing aspect of colibri is its high computational speed. This feature is necessary for calibrating the uncertain parameters and processes that characterize the TP-AGB phase, a step of paramount importance for producing reliable stellar population synthesis models of galaxies up to high redshift. (abridged)
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Symbiotic stars and other Hα emission line stars towards the Galactic Bulge
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Dust input from AGB stars in the Large Magellanic Cloud
Svitlana Zhukovska 1,2 and Thomas Henning 1 1 Max-Planck-Institut für Astronomie, Königstuhl 17, D-69117 Heidelberg, Germany 2 Zentrum für Astronomie der Universität Heidelberg, Institut für Theoretische Astrophysik, Albert-Überle-Straße 2, 69120 Heidelberg,
Germany
Aims: The dust-forming population of AGB stars and their input to the interstellar dust budget of the Large Magellanic Cloud (LMC) are studied with evolutionary dust models with the main goals (1) to investigate how the amount and composition of dust from AGB stars vary over the galactic history;
(2) to characterise the mass and metallicity distribution of the present population of AGB stars;
(3) to quantify the contribution of AGB stars of different mass and metallicity to the present stardust population in the interstellar medium (ISM). Methods: We used models of the stardust lifecycle in the ISM developed and tested for the solar neighbourhood. The first global spatially resolved reconstruction of the star formation history of the LMC from the Magellanic Clouds Photometric Survey was employed to calculate the stellar populations in the LMC. Results: The dust input from AGB stars is dominated by carbon grains from stars with masses below 4 M ⊙ almost during the entire history of the LMC. The production of silicate, silicon carbide, and iron dust is delayed until the ISM is enriched to about half the present metallicity in the LMC. For the first time, theoretically calculated dust production rates of AGB stars are compared with those derived from infrared observations of AGB stars for the entire galaxy. We find good agreement within scatter of various observational estimates. We show that the majority of silicate and iron grains in the present stardust population originate from a small population of intermediate-mass stars consisting of only about 4% of the total number of stars, whereas in the solar neighbourhood they originate from low-mass stars. With models of the lifecycle of stardust grains in the ISM we confirm the strong discrepancy between dust input from stars and the existing interstellar dust mass in the LMC reported previously. We simulate the formation of bipolar planetary nebulae (PNe) through very short impulsive mass ejection events from binary systems, where the asymptotic giant branch (AGB) star ejects a mass shell that is accelerated by jets launched from a compact companion. The acceleration process takes place at very short distances from the binary system, such that the photon-diffusion time is long enough to prevent rapid cooling of the shocked jets' material. When the shocked jets' gas density is lower than the shell density the flow becomes Rayleigh-Taylor unstable and dense clumps are formed in the flow. At later times a PN with clumpy lobes that have a linear distance-velocity relation will be observed. This process might account for the formation of bipolar PNe with clumpy lobes, such as NGC 6302. The energy radiated during the months to years duration of such an event will appear as an intermediate-luminosity optical transient (ILOT). Context: Asteroseismic surface gravity values can be of importance in determining spectroscopic stellar parameters. The independent log g value from asteroseismology can be used as a fixed value in the spectroscopic analysis to reduce uncertainties due to the fact that log g and effective temperature can not be determined independently from spectra. Since 2012, a combined analysis of seismically and spectroscopically derived stellar properties is ongoing for a large survey with SDSS/APOGEE and Kepler. Therefore, knowledge of any potential biases and uncertainties in asteroseismic log g values is now becoming important. Aims: The seismic parameter needed to derive log g is the frequency of maximum oscillation power (ν max ). Here, we investigate the influence of ν max derived with different methods on the derived log g values. The large frequency separation between modes of the same degree and consecutive radial orders (∆ν) is often used as an additional constraint for the determination of log(g). Additionally, we checked the influence of small corrections applied to ∆ν on the derived values of log g. Methods: We use methods extensively described in the literature to determine ν max and ∆ν together with seismic scaling relations and grid-based modeling to derive log g.
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Results:
We find that different approaches to derive oscillation parameters give results for log g with small, but different, biases for red-clump and red-giant-branch stars. These biases are well within the quoted uncertainties of ∼ 0.01 dex (cgs). Corrections suggested in the literature to the ∆ν scaling relation have no significant effect on log g. However somewhat unexpectedly, method specific solar reference values induce biases of the order of the uncertainties, which is not the case when canonical solar reference values are used.
allows us to derive a first self-consistent multicolor light curves of a core-collapse supernova. Adopting the explosion properties derived by the first-principle simulation, i.e., the low explosion energy of 1.5 × 10 50 erg and the small 56 Ni mass of 2.5×10 −3 M ⊙ , we perform a multigroup radiation hydrodynamics calculation of ECSNe and present multicolor light curves of ECSNe of SAGB stars with various envelope mass and hydrogen abundance. We demonstrate that a shock breakout has peak luminosity of L ∼ 2 × 10 44 erg s −1 and can evaporate circumstellar dust up to R ∼ 10 17 cm for a case of carbon dust, that plateau luminosity and plateau duration of ECSNe are L ∼ 10 42 erg s −1 and t ∼ 60-100 days, respectively, and that a plateau is followed by a tail with a luminosity drop by ∼ 4 mag. The ECSN shows a bright and short plateau that is as bright as typical Type II plateau supernovae, and a faint tail that might be influenced by spin-down luminosity of a newborn pulsar. Furthermore, the theoretical models are compared with ECSN candidates: SN 1054 and SN 2008S. We find that SN 1054 shares the characteristics of the ECSNe. For SN 2008S, we find that its faint plateau requires a ECSN model with a significantly low explosion energy of E ∼ 10 48 erg.
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Type Ia supernovae inside planetary nebulae: shaping by jets Danny Tsebrenko 1 and Noam Soker 1 1 Technion, Israel
Using 3D numerical hydrodynamical simulations we show that jets launched prior to type Ia supernova (SN Ia) explosion in the core-degenerate (CD) scenario can account for the appearance of two opposite lobes ('Ears') along the symmetry axis of the SN remnant (SNR). In the double-degenerate (DD) and CD scenarios the merger of the two degenerate compact objects is very likely to lead to the formation of an accretion disk, that might launch two opposite jets. In the CD scenario these jets interact with the envelope ejected during the preceding common envelope phase. If explosion occurs shortly after the merger process, the exploding gas and the jets will collide with the ejected nebula, leading to SNR with axisymmetric components including 'Ears'. We also explore the possibility that the jets are launched by the companion white dwarf prior to its merger with the core. This last process is similar to the one where jets are launched in some pre-planetary nebulae. The SNR 'Ears' in this case are formed by a spherical SN Ia explosion inside an elliptical planetary nebula-like object. We compare our numerical results with two SNRs -Kepler and G 299.2-2.9.
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Conference Papers
A remarkable sample of new symbiotic stars towards the Galactic Bulge We describe recent work focused towards a better understanding of red supergiant stars using 3D radiative-hydrodynamics (RHD) simulations with co5bold. A small number of simulations now exist that span up to seven years of stellar time, at various numerical resolutions. Our discussion concentrates on interferometric and spectroscopic observations. We point out a number of problems, in particular the line depth and line width that are not well reproduced by simulations. The most recent introduction of a non-grey treatment of the radiation field dramatically improved the match with observations, without solving all difficulties. We also review the newly revived effective temperature scale controversy, and argue that it will only be solved using 3D RHD models. We present the results of the analysis of our recent interferometric observations of Betelgeuse, using the AMBER instrument of the VLTI. Using the medium spectral resolution mode (R ∼ 1500) we detected the presence of the water vapour and carbon monoxide (CO) molecules in the H and K bands. We also derived the photospheric angular diameter in the continuum. By analysing the depth of the molecular lines and the interferometric visibilities, we derived the column densities of the molecules, as well as the temperature and the size of the corresponding regions in the atmosphere of Betelgeuse ( 
Job Advert
PhD position
The Instituut voor Sterrenkunde of Leuven University has a vacancy for a 4-year PhD position entitled: The circumstellar environment of evolved stars traced by molecules and dust species.
The Instituut voor Sterrenkunde (IvS) of Leuven University is a young and active research group of some 50 scientists, engineers and administrative staff (http://www.ster.kuleuven.be). The institute is involved in several international networks and research projects which rely on data gathered with telescopes at international observatories and with space missions. The institute is also responsible for the organization of the Master in Astronomy & Astrophysics of the Faculty of Science at Leuven University.
With this vacancy, we are looking for a motivated PhD student to join the IvS to pursue a research program aiming at unraveling the importance of different molecules and dust species in the chemical and thermodynamical structure of the circumstellar envelope around evolved stars.
Short project description:
The project is embedded in a larger theoretical and observational effort at the IvS to study in detail the late stages of evolution of low and intermediate mass stars.
Evolved stars are important sources for the enrichment of the interstellar medium due to their dense outflows. These outflows are variable on many timescales and their physics and chemistry are not well understood. The IvS has access to unique ALMA, Herschel, ISO, IRAM and APEX data to study with unprecedented detail the role of different molecules and dust species in the stellar winds of evolved stars. E.g., Herschel gives us for the first time a full inventory of water both in the gas phase and in the form of solid water ice. Water plays a pivotal role in the physics and chemistry of the molecular envelopes that surround AGB stars. In December 2012, the first (cycle 0) ALMA interferometric observations were obtained. ALMA will provide the astronomical community with a unique instrument in terms of sensitivity and spatial resolution. The goal of the present PhD project is to study the role of different molecules (H 2 O, CO, HCN, ...), their isotopologues and dust species in the chemical and thermodynamical structure of the envelopes of stars with a wide range in stellar wind properties. Deriving the isotope ratios will shed light on the role of nucleosynthesis and different dredge-up processes in the stellar core/atmosphere. From the ALMA observations, one can study the dust condensation regions and trace the dust distribution. Depending on the interest of the successful candidate, this PhD project can either have a more theoretical or a more observational accent.
The Herschel and ALMA observations, will be complemented with already obtained ground-based high-resolution sub-millimeter single-dish and interferometric data of several molecules excited in the stellar wind of AGB stars.
Profile
The candidate
• has a Master diploma in Astrophysics, Physics or Mathematics;
• has good knowledge of the English language.
Tasks
• The PhD student shall perform research in the framework of the defined PhD project;
• The PhD student shall take up a teaching assistance task of 4 hours per week in the Bachelor of Physics (Dutch) or in the Master of Astronomy & Astrophysics (English);
• The PhD student shall perform at least one observing run of two weeks per year for the pooled IvS programmes at the Mercator telescope of La Palma (Spain) as part of his/her PhD education and as part of this specific PhD project.
Contract
• Following the usual procedure at Leuven University, the initial contract runs over two years and will be prolonged with another two years after positive evaluation. The position starts preferentially on the 1 st of September 2013;
• Salary is according to the university regulations for PhD positions (roughly 1600 Euro per month net tax-free salary, depending on age and experience).
Applications
Send curriculum vitae and a 1-page motivation letter, in PDF format, to
Prof. Leen Decin Leen.Decin@ster.kuleuven.be
The candidates also must arrange for two letters of recommendation to be sent electronically to the same email address.
The application and recommendation letter deadline is 21 st June 2013. Only complete applications will be considered.
See also http://fys.kuleuven.be/ster/vacancies Announcements Shape version 5 software β release
The new version of the morpho-kinematic 3D modeling software Shape will be released for beta testing an application on June 7, 2013. Since its last official release in 2010 a number new features and general improvements have been added. Among the new features are modules for hydrodynamic simulations, magnetic and gravitational fields, as well as many new tools to improve the 3D morpho-kinematic modeling easier and more accurate. Shape now includes the capability to do explicit radiative transfer for CO molecules (based on code originally developed by M. Santander-García) and several types of dust. Hopefully existing and new users help us to test the software on a variety of astrophysical problems in order to finish the final release in time for the APN VI conference in November. More details about this release of Shape can be found at: http://www.astrosen.unam.mx/shape/v5
Don't hesitate to contact us about any aspect concerning Shape. 
